
January 30, 1855. 
JAMES SIMPSON, President, 

in  the Chair. 

A communication was read, from the Society of Arts, inti- 
mating  that  their Seventh Annual  Exhibition of Inventions would 
shortly  be  opened, and  asking  the co-operation of the  Memhcrs 
of the  Institution,  in procuring Specimens, Models, and  Drawings 
of novel combinations, recent  improvements  in  machinery, or new 
articles of manufacture. 

Translations were read of letters received from M. Eugline 
I’lachat, on the  part of the Society of Civil Engineers, of Paris, 
and M. Molinos, a Member of that body, offering facilities  to the 
Members of the  Institution of Civil Engineers, of London, during 
the occurrence of the Universal Exhibition  in  Paris,  in  May next. 
It had been  decided, that special and  detailed descriptions of the 
articles exhibited and  the results arrived  at, should be drawn up 
by members of the various Committees. These  reports would  be 
read  and discussed at  the  meetings of the Society, and  the  Mem- 
bers of the  Institution of Civil Engineers were invited, collectively 
and individually, to attend  and  take  part  in  the discussions and to 
avail themselves of the facilities ofYered by the  kindred Society in 
Paris. 

No. 925.--“ Description of the  Iron Roof, in one span, over the 
Joint Railway Station, New Street, Birmingham.” By JOSEYH 
PIIILLIPS. 

THE construction of roofs covering, in one span, without in- 
tervening  support, the whole width of the platform and lines of 
rails, at the principal stations and termini,  may be classed among 
the most remarkable of the improvements, suggested by a more 
extended experience in  the requisites of railway accommodation. 
The  system originally employed, consisting .generally of a series 
of roofs of small spans, supported by iron columns, became 
excessively inconvenient, when, to meet  the necessities of the 
traffic accumulated at these  important points, it became requisite 
to  provide the means of transferring  the  carriages  and engines 
from one line of rails  to another, at  the shortest possible intervals, 
-to arrange for crossing from one part of the station to.another, 
diagonally  in every direction, and to remove every possible im- 
pediment  to t.he free transit of passengers and  luggage on the 
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platform itself. To  attain these advantages,  and also to  facilitate 
the constantly recurring necessity for alterations  in  the  arrange- 
ment of rails and platforms-a plan was introduced,  originally it 
is believed, in  the  great  Continental Termini, of constructing roofs 
in two spans, one covering the  up  and  the  other  the down line of 
rails. That which elsewhere was simply a great convenience, 
became, in  the instance of the  Central Station a t  Birmingham, a 
necessary condition of construction, from the circumstance of  five 
lines of railway,-the London  and  North-Western,  the  Midland, 
the Gloucester and Bristol, the  Stour Valley and  the  South Staf- 
fordshire,-meeting a t  this point and concentrating an  amount of 
passenger and goods traffic of every description, within an  extent 
of platform  necessarily limited by the position of the station 
between two tunnels, and which nothing  but  the most economic 
arrangement of the space at command could possibly provide for. 
I n  order to  meet this exigency the roof was designed to consist 
of only one span over a width of 212 feet. This  great span was 
not, however, the only difficulty to be contended with, for the 
limited  area  rendering it advisable to occupy every inch of space, 
it became necessary, in  order  to  meet  the  irregularly curving and 
tapering  line of one side of the  ground, to  execute every truss 
and consequently every portion of every  truss, of different lengths 
throughout  the whole roof. The necessity for carrying on thc 
traffic of the  Stour Valley Line, irnnlediately the  permanent way 
was practicable for traffic, rendered it necessary that this difficult 
and peculiar structure should  be erected, whilst the  trains were 
constantly  passing and repassing beneath  the scaffolding ; involving 
difficulties and risk which only the  greatest caution could sur- 
mount. 

The principal points  to which attention should be  directed  in 
the roof are :- 

1st.  Its  great span of 212 feet, - the  largest  hitherto 
attempted ;-the nearest to it  being  the roof of 150 
feet span, erected by Mr. Turner, of Dublin, at  the 
Lime-street  station, Liverpool. 

2ndly. The plan of the  area  being  irregular  and therefore 
involving much practic,al difficulty of execution. 

3rdly.  The principle of its construction ;-being that of the 
bow-string. truss, applied in a manner  the peculiar 
features of which  will be explained in detail. 

the traffic and business of the  station  being mnied on 
during  the erection of the trusses, involving the employ- 
ruent of peculiar  means and appliances, both for the 
scaffolding and  the  general system. 

4thly. The  great practical difficulty in execution, produced 
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The roof is 840 feet in length,  and consists of thirty-six 
trusses, placed at distances of 24 feet from centre  to cent,re ; the 
largest,  the  extreme  truss at one end, is 212 feet in  span ; the 
next  ten trusses  each diminish in span by a regular  gradation of 
1% inch ; the  next seven, 9f inches each, and  the  last eighteen 
8% inches  each, so that  the last truss is 21 feet 2; inches less in 
span  than  the first, and  the amount of ground  thus made  available 
is  about 3,054 yards superficial. Each  truss  and every portion of 
each truss diminishes regularly in height, in proportion to  the 
length, so that having  calculated the dimensions of the various 
portions of the  largest  and of the smallest truss, in each section, 
regularly  decreasing, the  lengths of the various parts of the  inter- 
mediate trusses were readily ascertained, by dividing the difference 
by  the  number of trusses  in each section. By this  method the 
labaur of calculation and  the liability to  error in the work, as it 
passed through  the shops,  was materially diminished. 

The height of the chord  line was fixed at  33 feet from the 
level of the  rails  to  the  springing line of the trusses. The 
trusses  are supported on one side by iron columns and on the 
other by brick pilasters attached to and forming part of the  front 
wall of the  Hotel. 

Three designs were originally submitted;  the first consisted of 
a series of bow-string trusses, each of which formed an  arc having 
a versed sine of 27 feet, with a  tie-bar  slightly  cambered, and 
tubular  struts of wrought iron. In  the second design, also a 
bow-string  truss,fthe  arch formed the  arc of a circle, with a versed 
sine of 48 feet, and  the  tie-bar was curved upwards, so as to form 
the  arc of a circle, or polygon, with a versed sine of 27 feet. The 
third design, which  was eventually  executed, was a modification of 
the second ; the versed sine of the  arch  being  reduced to 40 feet, 
and  that of the  tie-bar to 20 feet. Both the  latter designs  pre- 
sented the advantage of gaining a great  additional  height in the 
centre of the span, together with an appearance of much greater 
lightness of construction in the roof itself, without the difficulties 
which  would have attended  the  carrying up of the columns and 
pilasters to a greater  height. 

During  the progress of the work various alterations  and im- 
provements were made, such as  substituting wrought for cast  iron 
shoes, and by doing away with the  tubular  struts  and  putting in 
their place compound struts, formed of angle iron with cast-iron 
straining pieces, which improved the  appearance and have been 
found practically better in construction. 

The supporting columns vary in  height from 30 feet to 35 feet, 
and  are 2 feet in diameter  (Plate 3, Fig. 2) ; they were cast in 
two pieces, with a base-plate in  addition; these pieces are con- 
nected together by bolts through  internal flanges on the ends of 
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the pieces, a11 of which were accurately  faced in a lathe  and 
slightly grooved. The columns weigh about 5; tons each, and 
serve as pipes to  convey away the rain water; they arc fixed on 

Fig. i .  

End view of Prinripai on Column. 

Downloaded by [ UNIV OF TEXAS AT AUSTIN] on [20/09/16]. Copyright © ICE Publishing, all rights reserved.



IRON ROOF. 255 
solid concrete foundations, but  are not  bolted down. Upon the 
planed surface of a bearing-plate,  fitting on the  top of each 
column, is placed a frame of wrought-iron rollers, upon which the 
foot of the  truss rests, the rollers being  intended to admit of the 
contraction and expansion of the  metal  in  the truss,  caused by 
the variation of temperature (Figs. 1 and 2 ) .  The opposite foot 
of the  truss being fixed firmly upon a stone bed,  in a chamber cut 
into  the wall to receive it (Fig. 3). 

Fig, 3. 

Foot of Principal restiny on Wall. 

The principals (Plate 3, Pig. 1) each consist of an  arched truss 
of wroucht iron, connected by a tie-bar, and twelve vertical  struts, 
braced uby diaginal  bars of flat iron ; the 
average weight of each  principal is 25 
tons. The arched  rafter, or main rib 
(Fig. 4) has a web formed of plate iron 
15 inches deep by +-&ths  thick, with a 
top  and bottom flange 12;-: inches wide, 
formed by angle Irons on each side, 
6 inches by 3 inches by t inch, attached 
to  the web by rivets 2 inch diameter  and 
G inches apart.  The  strength of the 
rafter,  to resist the compressive force to 
which it is exposed without altering  its 

Fig. 4 

Section of Main Rib. 
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form, was amply tested by experiment; a section 20 feet 7 inches 
long being  subjected, in  the direction of its length,  to a compres- 
sive force of 103 tons  without any permanent alteration being 
produced  in its form ; this load giving  the maximum strain which 
would occur to  the arch with a load of 40 lbs. per superficial 

Fig. 5 .  

Coupling oi’Tie-Rod. 

foot, distributed over the whole area of the roof. A further  test 
of 152 tons, only caused a permanent deflection of -0175th~ of an 
inch. A t  the foot, the  rafter is forked and  spread  out  (Fig. Z ) ,  
to  admit of the connection with the tie-bar, and also to gi.ve 

Fig. S. 

l’I?Wl. 

adequate  bearing surface for the  truss  to  rest  upon;  the web- 
plate, as it approaches the foot, becoming double and  opening 
gradually,  to receive a wedge-shaped cast  iron  packing piece, 
firmly bolted  to i t ;   the  angle iron  to the top and bottom flange 
spreading  out to follow the opening of the web-plate and  returning 
round  the  end.  The  bearing surface thus obtained is 20 inches 
by 15 inches and a plate is riveted  to the  under side to impart 
still greater stiffness. The upper  portion of the cast-iron, packing- 
plate is thicker  than  the lower, the recess thus formed on each 
side giving  space for the admission of two strong wroughtriron 

Downloaded by [ UNIV OF TEXAS AT AUSTIN] on [20/09/16]. Copyright © ICE Publishing, all rights reserved.



IRON ROOF. 257 

plates, 2 i  inches  thick, which projecting  inwards,  serve as jaws 
to which the tie-bar  is  keyed with gibs  and cotters ; these  plates 
beinz  also  very  securely  attached to the  arched  rafter. 

The tie-?&, excephg where it  is keyed at 
the  ends, is of round  iron, 4 inches in  diameter, 
in twelve lengths of about 16 feet,  the  average 
distance  between the  feet of each of the  struts, 
a t  which points  the  different  lengths are con- 
nected to each  other, by means of a wrought-iron 
coupling-box, (Fig.  6,)  into which the ends of the 
tie-bar are screwed at  both  the  ends. The  diameter 
of the  tic-bar  is  enlarged where they are screwed, 
so as  to give the same  sectional area at the bottom 
of the  thread  as in the body of the bar. A right- 
hand screw is  cut at one end  and a left-hand 
thread  at  the other, to give  facility for adjustment 
and  to  make each  length  take, as regularly  as  is 
practicable,  its  due  proportion of the  strain. The 
gibs and cot,ters to  the  shoes are also of greater 
size  than  is  absolutely  necessary  for strcndh.  to 
serve for adjusting th;  whole. Before IeaviGg the ' 

works, each bar with its coupling-box was proved to a strain of 
9 tons  per  inch of sectional area. 

The coupling-boxes are  made out of solid  iron, 12 inches  long 
by 62 inches diameter,  each  bored  to  the two different  anglcs a t  
which the  tie-bar  enters,  and also tapped  to  suit  the  right  and 
left  hand screws. Through t.he centre of the coupling-box a bolt 
is  passed  vertically, and keyed to the saddle of the strut above, 

Fig. 8. 

Plan of Cross. 

Fig. 9. 

Fig. 7. 

Transverse Section. 

Elevation of Strut, showing the Crow. 

serving  to  retain the respective  lengths of the tie-bar a t  their 
proper  heights.  These  saddles, which rest on the coupling-boxes 
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and form the bottom connections for the  struts  and 
dia.gonals, are  made of cast iron ; that  part  taking 
the four angle irons of the struts, being  in  the 
shape of a cross, to which the  angle irons are 
attached by bolts;  and on the sides there  are jaws 
to receive the diagonals. The  top connections of 
the  struts with the  rafter  are  made  in a similar 
manner, and bolted to  the bottom flange of the 
rafter. 

The  struts  are  madc of four angle irons, kept 
apart by cast-iron straining pieces made hollow, and 
through which 
the bolts pass 
securing thcm 
to the  anglc 
irons (Figs. 8 
and 9). These 

Fig. 11. 

struts  are bowed 
out towards the 
centre to give additional stiffness. 

Elevation at A A.-Scale ixtl1. 

In  ordii   to obviate the inconvenience which mould 
e have ariscn from the contraction and expansion of 
k % metal  in such a len@h of roofing, the purlins are 

by 5, with a tension rod and  straining piece bolted 
ij to  a cast-iron shoe at  each end 

(Fig. 10).  The purlins rest. 
on the backs of the  rafters, 
butting  against cach other, 
and  thus forming continuous 

.- 

.,. g inverted  trusses of tnnber 24 feet long, 5 inches 

r.0 * I - .  12. 

lines through the-roof a t  dis- 
tances of 8 feet  apart (Figs. 
11 and 12). Section at  A A. 

The wind-ties are very numerous, springing from 
the foot of every other  arch  and  running diagonally 
across the roof to the foot of the fourteenth arch 
opposite; they are I+ inch in diameter, with a 
coupling screw in the middle of each length for 
proper  adjustment. 

Along  the  centre of the roof there is an elcvated 
lantern  glazed on the top a d  filled in with iron 
louvre  blades at the sides (Plate 3,. Fig. 2). 
Besides this  lantern a skylight 54 feet deep runs 
the whole length of each side, making a total of 
128,000  square feet, o i  a proportion of one-half of 
glazed surface in  the roof; the  remaining  part 
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being  covered with galvanized  sheet  iron  corrugated,  bolted  and 
screwed  to the  purlins. 

The roof is terminated at  each  end by a  gable  screen,  reaching 
to  the  springing line. This  is formed of a wood framing  filled 
in with  glass  and  suspended from the  arches of the  extreme  prin- 
cipals, which are adequately  strengthened, as each-  screen weighs 
30 tons. The glass  in  the roof, including  that  in  the  gable  screens, 
weighs about 115 tons. It is  fluted  plate-glass  about inch 
thick,  rolled  in  squares of G feet by 16 inches wide. 

Previous  to commencing the construction of the roof a  truss 
was tested at  the works of the  Contractors, with a load of 40 lbs. 
per foot  superficial,  exclusive of its own weight. For  this  pur- 
pose three  trusses were erect.ed and  secured  together by  their 
respective  purlins  and  wind-ties.  The two outside  principals 
were stayed,  and  the  central one was left  entirely  free  to  bear  the 
testing  weight, one foot resting on rollers. The shoring of the 
outside  principals was  only introduced for the purpose of giving 
an  amount of lateral stiffness, as  nearly  equivalent  as possible to 
a number of principals  braced  together. 

The  total weight  suspended fiom the  arch was 90 tons,  and 
with this  load  the  utmost deflection  was 3& inches : the  extension 
of the foot on the  rollers was 2+ inches, and of the  other foot 
+ inch. Upon removing the  load,  the principal rose to  its previous 
height  and  contracted  to  its previous  length,  thereby showing no 
perceptible  permanent set. After  having SO satisfactorily sus- 
tained  this severe  test, a still  more stringent one was applied, by 
loading  the  principal unequally, a weight of 45 tons  being  placed 
on one half and 223 tons on the other. The  greatest deflection 
thus  produced was 3 inches, at  about  one-fourth of the  length of 
the  principal. A weight of 113 tons was then  taken off that  part 
of the  truss  loaded  with 22+ tons,  leaving  the  principal  loaded 
with 45 t.ons  on  one half  and 11 tons on the  other,  the deflection 
then  being 2 ; ;  inches, as opposed to 3 inches in the previous 
experiment.  These  tests  satisfactorily proved that  the roof  was 
amply strong  and stiff, and  indeed  far more so than those usually 
constructed. 

The method by  which this work has been  carried  out  principally 
merits  consideration,  because of the condition  under which it was 
required  to  be  executed ;-that of permitting  the business and 
traffic of the  station  to  be  carried on during  its progress, much 
more  difficulty  necessarily  attaching  to  this  than  to  the  magnitude 
of the roof, and  therefore  it  required  to  be met by a peculiar con- 
struction of the scaffolding. 

The form which, after  due consideration, was decided upon as 
the most eligible, was that of a moveable stage  extending  the 
whole width of the  station  (Plate 3, Figs. 1 and 3). This travel- 
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ling-stage was arran  ed  in  the following manner. Three bays of 
timber trusses were f ramed, raised upon six sets of standards 011 
the several platforms, running on rollers of wood, or iron, the 
centre trusses  having a span of 60 feet and 13 feet in  depth ; those 
on each side were smaller and  averaged  about  40  feet ; the five 
sets of trusses thus  reaching across the whole area of the statio11 
and forming one moveable stage, 200  feet long, 22 feet widc, 
and 50 feet high in  the centre. The platform of the  stage 
formcd an  arc  nearly concentric with, and  at a distance of 2 fect 
below the tie-bars of the principals. 

One  bay of the trusses was 11 feet in width, free from any cross- 
bracing  and covered on the  top with loose planking, so as to alloy; 
of the work being hoisted  through any part, where required ; thc 
other bay, 9 feet wide, was  well stiffened by diagonal  and hori- 
zontal  bracing,  and planked  permanently on the top, The head 
of the  centre  truss was 10 inches by 5 inches and  the cill 12 inches 
by 5 inches ; the  uprights  and diagonals 5 inches by 5 inches, each 
piece being accurately framed to the others, with only just suf- 
ficient bolts and  straps  to hold the  framing in its place ; indeed, 
more importance was attached to  framing the work  well, than to 
having  timbers of large scantling, as it was upon the stiffness of 
the framework that  the  real  strength of the  stage depended, 
to withstand the  racking which unavoidably occurred in moving 
so large a construction, and with the bulk of its weight so high 
up  and heavily loaded on the top with crabs and tackle of 
every description. The standards supporting the several trusses 
were also stiffened by diagonal bracing with external  struts  resting 
on a horizontal  bottom cill of timber  in two pieces, each 12 inches 
by 6 inches, under which iron  rollers were placed, moving on a 
horizontal bottom cill of timber  in two pieces, each 12 inches by 
G inches, under which iron  rollers were placed, moving  on a 
platform of planks 8 inches thick, on which the  stage travelled. 

There were on the  stage five pair of sheer legs  standing over 
the  centre  line of trusses, these  trusses  being  additionally stiffened 
with an iron  truss rod to each. .These sheer legs with the  crabs for 
hoisting were not removed from the  stage  during  the shifting, but 
were moved along with it. The moving of the  stage was effected 
by means of levers used like  capstm  bars to the rollers and by 
tackles  attached  to  crabs placed in advance. Where  the  ground 
was tolerably level a gang of forty  men would  move the  stage over 
a distance of 24 feet,  in two hours and a half. The  great diffi- 
culty was to keep  the whole length advanced equally, as otherwise 
the twisting which occurred would soon have racked and destroyed 
the framing. To accelerate the fixing, two of these stages were 
employed, and by careful use they stood the whole wear and  tear 
without failure, or deterioration, only requiring  ordinary repairs. 
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Each  arched rafter, or principal, was hoisted in five  pieces, 
each piece swinging on the sheer legs until all were across, when 
the five pieces were severally lowered as required  to  bring  all  the 
joints close,  when they were riveted up. Small  tackles were 
then  attached to the  arch for  raising the tie-bars and  struts 
into their places. 

Every principal was minutely examined previously to its leaving 
the works of the Contractor, and when found to be  correct in 
height  and span, a punch-mark was made  in the  centre of each 
coupling-box of the  tie-bars, and  another a t  a distance of 12 inches 
each side of it, on the  tie-bars themselves ; by this  means it was 
easy to screw every bar  up to its correct  length. On lowering 
out  the principals from the sheer legs they were found to  stretch 
about f inch each, after which the  addition of the covering and 
glass  produced  little, or no sensible effect. 

The fixing was commenced in the  centre of the roof, and a stage 
was kept  under  the first principal from which it was 'shored until 
seven others were completed and properly braced, when this stage 
was removed and both became available for fixing, each stage 
being worked from the  centre towards the  end of the station. 

The  total weight of iron work raised was 1,050 tons, which 
was effected without any  accident  to the crowds of people daily 
passing throngh  the station. The number of squarcs measured 
on the plan was 1,705, and including 320 additional squares of 
ridge  and furrow roofing, supported on bow-string trusses, and 
varying  in  span from 188 feet  to 45 feet, the price was $lG per 
square  or X32,274; hut this price cannot  be considered as a 
criterion now, the contract  having been taken when iron was at 
an unprecedentedly low price. The last principal was completed 
in position on the anniversary of fixing the first column. 

The roof  was constructed under  the directions of Mr. W. Baker, 
M. Inst. C.E., the  Engineer of the Ra.ilway Company ; the designs 
for the roof being  made by Mr. E. A. Cowper, Assoc. Inst. C.E., 
who  was at  that period  with the firm of Messrs. Fox,  Henderson, 
and Co., the Contractors for executing  the roof. 

The contractiorl and expansion of large iron structures  being a 
matter of importance and interest, the following statement ab- 
stracted from a series of observations upon the roof very care- 
fully registered, may be considered worthy of notice. (See Table, 

From  the above, so far as could be ascertained, the movement that 
t,ook place, was only in the columns, and amounted  in total  to a 9 2 0  
inch for six principals. Adding  the  temperature in the sun and 
shade  together at the two stated periods, the mean difference is 
found to be  eight degrees, which gives *l5333 inches as the ex- 
pansion in each principal for that number of degrees ; then  taking 

p. 262.) 
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the tie-bar on the curve as the  metal acted upon, and  treating  it 
as a straight  bar of that  length  say 214 feet, the above  figures  give 

! l  POSITION AT 9 A. P. j /  POSITIOX AT 1 P. M. - 
Thermometer in Sun 7 5 9  / /  Thermometer in Sun 790. 

- 
,, in Slmde 390. ,, in Shade 71‘7. 

... 

Kumber of 
Principal. 

13 

16 
14 

J 6  
26 
2i 

Movement 
on Hollers. 

Inches. 
000 

‘000 
‘000 

‘000 
‘000 
000 

-- 

for the expansion of one degree of heat,  in terms of the  length, 
one part in one hundred  and thirty-four  thousand. Tredgold gives 
the expansion of iron  for one degree of heat  as one part in one 
hundred  and  forty-three thousand. Or taking  the  length as 
1,000 the expansion in the princi  al,  for one degree of heat, will 
be expressed by the decimal -0 g 7464 inch, whilst by Tredgold 
it would be *006993 inch. 

The actual expansion of the work being  therefore greater  than 
the  data given,  may  be  accounted  for by the circumstance of the 
iron  accumulating  heat from the  direct  rays of the sun  in greater 
proportion  than  the  atmosphere  around. 

The  greatest amount of expansion that has been  registered,  is 
decimal .546 inch  for  upwards of 31 degrees  variation of tern- 
pcrature. 

The  Paper is  illustrated by a series of large  diagrams sent  for 
the purposc of explaining  the contractions, and from which Plate 
3 and  thc woodcuts Figs. 1 to 14 are compiled. 
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